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(57)Abstract: 

PURPOSE: To provide a method and a measuring 
instrument for determining DNA base arrangement 
utilizing a scanning-type probe microscope. 
CONSTITUTION: The title measuring instrument 
consists of a scanning-type probe microscope, a probe 2 
of the scanning-type probe microscope, a liquid solution 
cell 4 for housing one-chain DNA to be measured, an 
approach port 5 and a delivery port 6 of a liquid solution 
provided at the liquid solution cell 4, and liquid solution 
tanks 14, 15, and 1 6 connected to the approach port 5. 
By comparing a DNA image when a liquid solution 
without including base or DNA fragment with that when 
the liquid solution including the base or the DNA 
fragment, the base arrangement of the DNA can be 
simply and rapidly read using a small amount of sample. 
The scanningtype probe microscope should be a 
scanning-type tunnel microscope or a reactor force 
microscope. 
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[ S fi^ 1 ^SM7° a - ^ *"Jffl L fc D N A 

»ffi?'JS^:^aRt/D N A©lgaBE?iJ^Sffli«S^S«r 

^n-r^a^i:, B5ie^ss^a-yiie?[«©aiii-2 

h SESiJ^— *^ D N A JR^-r -5. *!)0^?S-tr 4 ^ , 
^-lr;u 4 {ci§:lJ-^.tifc^?Kro3iAP 5 St/gftilP 6 

jiAP5(::o)t£*<n-rt>*^5'>i^ 14, 15, 
1 'ot^hmm.^ti^, ^M5S/ii±DNABT^^#t^J:l^ 
^iS^riSAL/ii: ^cDDNAfti:. huIB^S* /ctiD N 
A Win ^ A L ^ « D N A « i: Sr Jt^-r 

-SCtlcJ:'), DNAOMSiHJ?iJ«:ja*l3, fflittz, L 
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2 1 '>/.C < i: t 2 -^m D N 

AlKi=*r?r#f 1 mmfofmt. 'PU< t h 1 ^^(o 

— N abtM- «r#t;'>n£ < 1 1 1 m^(ommt h 

U^n-^^ 1 »cS3«£©DNA«)ia«iB?"Ji*S:^ffi. 

[if 3 1 '^^'^ <.hhi mm(nwmK d n a ^rui 

HufHDNA?r1ll^-r-5.^«i:Jfi5?tSr/j:-rJfia5:$ 
D N A (7)^«E?iJ*£?3 

^JSta-e* -SI**:* U 2 3Z.ll 3 tc:ia®aj D N AOifiS 
■eS) -SIB^^a K 2 31(1 3 dlHecJ D N A ©ifeSBH^'J* 

a -y^gS^iOj^iitf- 1 SSiJS— *M D N A 5r J|XS-r -S 

[!S5}?JI 7 1 ^*M7-n -rmii*^^SM h > ^ 
^®MT'*> 6 \.z.%m.(r> D N A©MSi5>?iJi3iS:ffl 

T-^ -5.11 6 D N A ©]feSiE?iJ}*£fflSy£^ 

Mo 

[0 0 0 1 1 
[0 0 0 2] 

Aco^aiB^iJj^S:^^ (»c^5^^*4*)^B2Rg ( 1 9 
8 9). ii^W?±. 185-188-^- 

^ (la^T. (^^^^^-^--a 3 9 ( 1 9 

89). 484-486 v :Nature339 
(1989).pp484-4 8 6) "^W^X^tiW^m. 

;U 58 (1990^). 1251-125 8 -<-i:^ : B 
iophys- J. 58 (1990).ppl251- 
1 2 5 8) ^m\'^fz\^\^K<Dm&WSWkW^imm.^iCl 



(2) 6 - 2 8 9 0 1 7 
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[0 0 0 3] STMSt/AFM^ii^«Mya-'r^«S 

[0 0 0 4 ] STM^AFM^fflC^^^^i^J: US 
W (i— D N A h^WSS\\ a6 ^ ^ ^ 

[0 0 0 5] STMti. 5tS^7)^-:>/cJ?^th^t:'jcy^^ 

t'i- - b^-XSO (1983). 120-123^ 
20 —iy :Phys. Rev. Letters50 (198 
3).ppl20-123)o 

[0 0 0 6] ttz^ AFUithy:^)UmWL(ORio^lzm 

t'^-- - b^-XSe (1986)> 930-9 33^ 
— V :Phys. Rev. Letters56 (198 

6).pp930-933)o 

[0 0 0 7] iaTt-STM^AFM^ffll>TDNAOJg 
30 T^^> (A) . ^'T-> (G) . (T) . vh 

>-> (c) ^#t;o ^ti>>(D^mi±^ri^^n^i^mm 

[0 0 0 81 mmm^^i^m^fzi^—^mDN 
AFM^fflt^rIa-<^, m:iAmm(oikm(Dnmiti^7b^ 

-:.ri>^(7)T% -:$:iiDNAfDff^tt7i>'^-&i&SOffl:g;&^ 
^t-^. ZCDDNAcoi&m^iS^W^t^^o 
[0 0 0 9] 

40 [^0^:6W^*LJ:o ^'r'S)Pffll STU^m^^^Ztiz 

^ti|lSLt^. DU Ait:^mi^^<^(r>r-MSmy^ci-vmm 

m(D^mmtm<u<. DNA(D\H^m)^^m^^zit 

[0 0 101 AFmmm&cof^i^u.nxhmm'^mx 
50 mm(D<iLm:^%±izm^^ztimL\^\ itz. mm^ 
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A © ^ ^> t> n - 5' - 5r <J5 * 4 ffl t ■> -S) C i: A< T- 
§nci\ fitc.r. STM^AFM^ffll^TDNA^r«^ 

[0 0 111 *fiBfli±, miEm.^(ommi:m^L. st 

M-¥>AFM$rfflL^TDNA roigSE^iJ 5riE5f (cg^ttS 
[001 2 ] 

to, *5|BBa)DNAOM»SE?»Ji*S:/3S«> ^aM7"a 

-T-m^^ffli-^/-; D N AOffiSSE?ijatS:^fiT-$. -p 

< i: t 2 ll^Sro^iScfT— *MD N A ^UliXS 

[0 0 131 H?is«fig^^J3l^T^±. < 1 1 2 as© 

-*MDNA®i^^«r#s^<ii.> 1 mm(ommt. 

[0 0 1 4] S/i. Bf^f^m^^3fcl^T(±, ^Vj:< i:t2 

s^#tn£l.^ 1 a5i«?§?Ri:H5ieDNA*«fi£-r^^s 

[0 0 151 4fc. HuleffifiE(-*^c^T^±, ^«M7-a- 
[0 0 161 *5|B«ODNAcomSi5?iJJ*SfflS'J 

2 5^ > A> t. -5 1 1^ T eifi£$r«;t/i t ro-efe 

-1.. 

[0 0 1 71 H^nB«^ig{::t^^,^r^±, ^m-fu-rrmi. 

[0 0 18] 

Sg?K«rKif4-3f:MD N Ad S h L7i i: t ro^-*«D 
NA^CD^^tro<?»■%i:^>x.rl.^^/■=*!>, DNAF^OT*^ 

[0 0 1 9] s/i, 'pu< thimmommtK 

DNA|[r>TrSr#4n£i> ia3Sw?g?Ki:, li><£< 1» 
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— 3^:^ D N A T-!ttSO 5' >M- Hf^i'ftfS*^^! - K ^5 HX 

[0 0 2 01 S^'^ClfeftT-eJi, -*^DNA{i*iMM 

I4-*M D N A t<mMW.n CCCAGT^#t,-i«^, ^ 
D N A «r ^Sffi?iJ G G G T C A ffl ❖ 5r t ^ — *M D N 
A»riT-«r#i'^(c$t.-ri:, ^2-*^DNA»r)T-li 
10 1*14— *^DNA^)mSI^?lJCCCAGT^Dg|5:&^zo;!»■ 
^S-^t-^. -r?'j:*o*.. la'</cl^^' v/N-i^MSrn-KLr 
l'>*-*MDNA«'K!f4DNAtC$ ^.-B-tf, MIS— 
DNAiiiitSDNAO:? v/N-i'M^rn- KLTl^^g|5^^ 

— *iaD N A ?r ^ ^ ■riuf^<73K*4 D N A (DJg 

[0 0 2 1 1 '^^JiC < i: t> 2 aS®m?K*\ DNA 

20 ?r«fiE-r-5.^Si:^S^1^n:-rJSS5:$*^.£i,^ 1 flSO) 
^iSi:, H!naDNA$r«fiSc-r-SiSS^:^S*\fSr'^cC-r^S 

ott^^i^i-^mmz^nit^ DNAP«gro#j^Sroi2?ij^iE 

Sn/cDNA5:^?g{c$ ■iLDNASrm^-r'S. Clffltt 
JiT?t±, DNAP«gK>-&Jfe»^ig^SiJ-e#-S{5i:-^^7*D 

, mmi.m.mx'^^. -:$-mY)nA^mm-^m.m\,m^ 

[0 0 2 21 ^CT-e^Cl. ^M7-n-7'S»^T'?|# 
i^tDNASrailSL;^*^?.. jg}««rAlr$t.'}§?SfcX^ 
-5.. ^cOA»^rc»:*;#$l±0. 5 nmJ^^±njroT% AtJ^ 
DNAcfc^TtSS-a-Ufc^ro, Dli Aom^mt^iE^ 

G, C, T?:#t;^?g«:-€-tl-£--n— *iiDNAlc$ t>-r 
3t{3j:t9, DNAi^JroC. G, A©E?'J*'»*^-S. 
40 [0 0 2 31 4jt. ^fiM7-a-ni^*^^aSh > 
^;i-Sl«sa-r-$,^i:, ^?S43T— *i«DNA^II^-t'5 

^gJRiti-e-^^DNASrtg^^'SW 

[0 0 2 4 1 <is:{c. ;*;5|B««DNAOjfi«i2?iJ*^ffljSiJ 

ym^<r>m\ t ^m^—^m dual ^im-t^ tz » 

;RU-'llftiiPi:, mVdMXmz':>Uti'nx\,^^pU< 
50 2^ro^?K5'>i'«:m'5Ci:{cJ:0, -*MDNA® 
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[0 0 2 51 ^fz^ ^^mra-rmdmt^M^M\^ > 

[0 0 2 6] 

immmi kit. mmm^m^^t^^^^mm^nL<u 
[0 0 2 7] m^m!mmr-$>^-:^mDNA^mmiiz 

H*7t:^lRlo^»9S$t2^±T-r^Z$i77fpJ. Sfi-2^ 

^ 2 tuncof^mm^z^^wmmiizit 

[ 0 0 2 81 ^Z,X. V y ^ }VmMo:>m.ti^~'S-\zf^^ X 
•9^::Z$4)^fS]$^J^aJffl't^-.i<[Hl^#5 2^m^^xm%\2^^ 
SL. X. Y. z**:^fpioy ^y-^s5 ^^xxjt- 

[0 0 2 9] ^iJ'V^ 1 4. 15. 16I^O^(i^ 

n^'n>-t^">7"i K 1 2. 1 3 tc^R^ai$nai^5 ^ii 

S^a^n^o >i<>n K 1 2. 1 3^Diie<!:/N';b^ 
8 > 9 . 10 (Ommit. ' vif>^$iJfflI^B b 3iz 

^^m&-t^o ^^s^'v^ 1 4 (^(7)'^?s^^^^ 
e-r^o ffio>'N';uy9. 1 oti^Tffli;. :K>n 2. 

1 3 tiilteL;^,i:l^o d ^7) J: -9 tc LT^S^S^ > ^ 1 4 

I 0 0 3 0 ] g| 1 tci5l^T(±^ 3 -:>(^?§^:$^ > ^ ftti 

izMMt^^<)\yy\ :^'yy'Lt^im:^^nxi^tii^ibK m^m 



(4) 6 - 2 8 9 0 1 7 
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ffliJSSP ^ L /"c t ^ o 

[0 0 3 1 ] ^^ll2^^ot^Tl^i0fl■r^o ii2iciDi>T 

tt79 f^^*ffllHlS& 1 5 4T*^S-r^iSH^fc^'y^^^i6 
ia^LTfc#. Sit I 0 2^^««MtcSi£^/-^t±igftli 

[0 0 3 2] \ 1 2;6-'E>£li/cU-^*-7t?'«i:ir<^)7t 1 
0 5t±U>Xl 1 3t?iR^L. Siff-i^fiiSPl 0 Siz^fz 
10 >l>o cC)B#(z}g^if 1 0 2 <hS1Sl 0 1 ^^DrB^tcl^^PB^:^; 

^m<t. 0 3;&^^ntc/CL:T/c^^. c 

(Ofztb^ U— »f-3tl 0 5f3>K*f^A<i£{t-r^o <1<^S 

mncomit^-^ 1 5 o i-y ^ bumfs-^-tc^ 

(om-^iz^ zmiinmum^-^^m^\ 5 2t±. -iz>-9- 
- 1 5 0 (omM^m^co^titmiz—'s.izu^x^ umm 

fl-^^smi I \\z\^1iir^^')izu^x\.^^. -ft^ 
^t>3^t^^^PBW56^gllt^Tggth 1 0 2 1 0 1 cDEB 

20 ut^-ofzt^(Dt)tn\^\zu^x'im^t^zmi5\^x^\ 
^m^n^^^izim-t^. :z(o^o\z\^xm^±^m 
•S-o^mmizibtz^xmMiL-. x. y. zt4:)3f^t7)>^y 
-^ai 5 5. 'T-'^m^mmi 5 6. T'^;^7"b>r 1 

[0 0 3 3] ^ci:i>\ CcoJt^. -lr>-9-- 1 5 0t^7:i- h 

K-e ^i^:(3g]3l^oiNT|{i0«-r^o SISl 
0 1 ^rSlSl 1 0t3@S-r-i>o flulBSISl 1 Otl^-'J 
>n 0 8. 1 0 9 (::ct:oT^^-lr;H 0 1 (O^^O'K 

30 ^i^A-r'i>/-^^<7)S«T-*>'i>o smi 1 \i±m^ \ 0 

fpIi-?^j:^*»M*4$r±Ti-^Ztt:&iai. M*4^lll^^#mr:^ 
fS]^^:^fSi(zf^K^-tir^Yift:^fS]. 

^■tz;H 0 ll±V'-'^*-%t<m^X^^J;:o\zif'y:KX 

T-^Tl^^o }ii^it^7)«^a5 1 0 3(o±M\>z\,±^mt^mm^ 

$15 1 0 3 \zmm-^m%\(omSi \ O 4 li?§?«-tr;l. 1 0 7 

40 ^^@s^nTl^^o 

[ 0 0 3 4 1 JSitf- 1 0 2 . m%^(O^U 10 3. If fft^S 

SB 1 0 4 \.±'=^m-wwmi)\[Tj&mzx -p u m 

jftH 0 2 (Z>5fe«5<^ft^*flti. 2 0 nmJ^T?!>^» 

[0 0 3 5] t/c. -:*:|SDNAlz4a^<7)^S$:#M 

it. m^(0^^^^^. ^ 2 Kg ( 1 9 8 9 ) . ct3«1^^ 
Sft. *iW?±. 18 8-19 2-<-':^^#.^.) 

50 
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[0 0 3 61 i-r. i^h-b-i^isb^ — *iiDNA(::7"v^ 

:^=7-'^timm(^^m (a. t. c. o t7)^«?L/c 

C. G>6^— ^MDNAcftT^T. A. G. C(-^n^-n*S 
^ L T 2 *ii D N A JfM $ n ^ o 
[0 0 3 7] ±fz^ »ay^-*MDNAic. 

SSE^iJ^^-:>-;$:MDNA^*£^^-ti'^{zci. tulHfflM 

[0 0 3 8] ^fz^ wm'^-^m^n A^^coi^mizi^m 

m^^^t^^^ir ^fz^zit. — *^DNAi^ofeS^^ 
mmizM L T^'Hiy ^ C ^ T c ^ -?> i£i^^;6^*^ ^ o — *M D N 
A\,mt U >KglS;5<32Sl3-:>/j:75^o^c:Sl>li«5>^ 
T% 5^t;:tiA. C. G. T;6<I^^L> U >MSP^t±p H 
= 7{^fiT-:&c^B?5^«l/Tl^'i>o et-pT, IEf7)SK^ 
«l/Ti ^ ^ Sifi t::— D N A $r H^-T ^ :i ^ J: 0 . 

*!)t-. ssys-*iiDNA^@^-r^s^s^ uTti. 
WL±.{zmm^nfz^^y^i.=^T-fnVz^-jY (lb) 

^'MPJJ^f^t>ri>^DNA^}^L. 'tn^m'^'t^zt 
[0 0 3 9] C(DctJT*4>. v>r-tf>.i-v;u>«^ (^vi:^-^ 

^Tm7#. ( 1 9 9 1^) : A. L. We i 

senhorn et al. Lngumuir. 7 
(1). p8 (1991)) ^^T?i^L/cDNA@^:;^^£ 
t±ffinTC>'5>o ^#r?aL/cSSS^S±l-cl i o c t ad 
ecyldimethyl a mm oniumbromi 
de (iy^ 9 9'riy)Viy;A^)\yr y=e:^^ jUy'u-7>( 
K ; I^TDODAB<hie-r) ^L-a-dipalmi 
toylphosphatidylglycerol 

l^^o DODAB(D^(Dm^mizDNA%:m^'t^ 

-^mDNAt'^r>-t<Hzwxf-rizmm't^m^t^ 
[0 0 4 0] i^Tt-> mm^tmrnm^TTs-t, 
3 0 ismnii^fzmm uax o ai d n a^ojss 

[0 0 4 1 ] ^r. 3 {^mMMt-ibu^xmm\^n A^ 

uE/XKiTo^^J^tti^X^lzW^m.^, ixs 
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s c (ommizmm-t^ ( i x s s cii i so mMom<t 

i-V') ^J^t 1 5mMt7)^7Ji>K-:h h 'J AcT^g-g-^g 
?^) . -^LT. :L(Dm^^^m^fzmiZ\ O^P0l-::>Ctfc 

7K7KT*>%?^LT. ;*c^SDNA^— *MDNAtzL 
/co <i^7)^?gt;i 1 0 X S S C^riDx.. lOml^'i-—* 
0aDNA35<2 0 0 jug#t;6xSSCC0?§«^{'Fo/c. 
?^j:ib\ ^iHlffli^fcDNAco^SlE^iJ^. • 

Ka-^*'i;6^L:i6IS-</Co 3' -GAA 

TCCATAGGTTAATGAGGCGAACCGG 

10 GG-5' (o&mmn^n-^:itt^'i^t-^fz^ 

[0 0 4 2] <!k\z^ ^^mLtz^^yr-( hStg. t L 

ioaiom«iE^«j^4)0— *^iDNA^#t;^?^^3 1 mm 

SL/c^. 6 x S S CO^?ST-^?^L. la 1 tC^>L/ct& 

[0 0 4 3] mz^ -:^mDNA(Dmti cmmmmt 

5' -AATTA-3' )^0. 2jug/lat;2xS 

^n^n^?E^ 14.1 secAniTco ^/i. 

20 ;l'4:6^6 QX:iZtj:^j;:oiZ\:i-9'-(0±izm-^rmT^ 
n-otz. 

[ 0 0 4 4 ] M.n(ommit h >^;uW-^^- K-e?f 
mi\-2 tunmo:>m&:mt i o o mv. h ;ni 

^LtiO. 6nA^L/Co ^-r. ^?S-tr;l.4 {3*^ffl(7)?§ 

\ u I /mi n. (o^^Ax-mxL. s«a®±^— 

fz. Z(Dm^mm]L-::>^. tu^ii^S' -AATTA- 

3' cDi^mm^^\^ i^-:>DN Amti^stsmm^ I u \/ 

mi n. c7)g5tM-e«AL/c. ^1 ^9f%Xz^ DNAcD^S 

^^f^-^-Z^PLfz. l¥L<E@-<T^fc<hci5> 3' ^jffi 
1 2Sei?)^5:6^^ 1 6Sg<7)^g^T*coa5^7!j^:;fc 
O^cC-prmX-Zdo Sf-:>T. «aiJ^-*^DNA0 3' 

\ l^^t-h \ 6Sa^T*(7)^S12?ij7^<TTAA 

[0 0 4 5 ] ^ife^y 2 

DNAc7)^»SH?iJ3iSfflAFM^M (112. 3#M) ^ 

ffli^T. mmi hnmz-imx^'t^Aaym.mmA^m 

40 -</'wo 

[0 0 4 6] ^^f^\^tz'r^'?y>{ --^P^Lfcg 

ail^{::^a>T(iAFM(7)^^i+ 1 0 IKziy-t-^ti'kWL'r J 
=^=u-Y^y\>XT\z\^'^^ m^^^ Stf- l 0 2i::<i:oT» 
D N AA^^Jf^. t L < tiSlg 1 0 1 A> ^fjgi 
Lnci^J:-9(cL/c. ^/c. ^?S-tr;H 0 7tch-^-^ 

L/C. 

50 [0 0 4 7] ^(^>$Sm. 3l*fefi«J 1 -*mDNA 
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^^yits)\yyC:> (7>:r^^T^7#. (1 9 

91^):A. L.Weisenhorn et a 
1. Lngumuir. 7 (1). p8 (199 

1) ) t^m^\.fzi5'<k^'^(o^^m^^x^ DNAS^ffl 

vS^t^LBM^r— "^col^iz^ DODAP^DPPG 

(o\%^m (1:1) ^-mmmi^fz. z.(Dmmiz^ mm 
[0 0 4 81 ms&mztnm^ -*^dna 

y V ^ V - CDJS^ L /c»?SyS-:$:|i D N A ^<Ik^ml5'<k 

[0 0 4 91 ^-r. M 1 33F.7T~vt-3' -GAAT 
CCATAGGTTAATGAGGCGAACCGGG 
G-5' <?5^SE?fJ^f#-:>-*MDNA^*a^iA^. C 
ntilM 1 3 77-v(7)r^-(' y'-T-fe'?) 5' -GTAA 
AACGACGGCCAGT- 3' Sffl^ 
-*iSDNA^{^o/;: (l¥L<ii. fi^ij^tf. 

DNAv-i7i>XP*T-7-^T;K ^l#ai 
fig. 1 9 8 3^) o 

[0 0 5 01 <ri^— ;$:MDNA^ 2 0 /2 g/ 1 J^T^S 
J9[^/j:^J:-9ti::feffiJK0. 1 x S S C L 

(I1I1#M) ^/c. m^'tz;U4^fc:-^ 

-co^izmt^ •fe;upgo?aja^3 yric-K-^ctotzL 

[0 0 5 1 1 DNA^K'jy 7— If-efe^^Uyt^ 

PS 1 jLi g / U hU'^/*20mmol/UE 
DTAO. \mmo \ / \(omm\^fzpn=l , ^(OV 

mo \/\(OA. T. G. C^-^n^'niD;ifc4fI^i7) 

[0 0 5 21 UPtCOmMit V y^}Vm^^r-'S.=e- KT'^T 
l^. i5^tf2 ^Mf4rac^mffl:^ti 1 0 OmV. h>;?^;ua 
gStiO. 6nA^L/-Co 4 ^f. ^S<7)A 

oTl^/.cc^^?K^ 1 jEi 1 /m i n. Og5tM-e#AL. S 
ffi*M±tD-*MDNAt7)il^>^tf-:>/c<hC5. 

^(omt^M^^tz^ ct^^^maaLoo, a. t. g. c 

[0 0 5 31 Si^»ttlc^;t/c-2^igDNA 
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Ti0^tt/'c*^?g^-fe;ixrtt^^eAL/c<ht{c. 'PL. 
XhY>nAi3^±<U'DX^?Lfzm^^ ^0:>±<f^^fz^ 

^[zitT tmmmumMx^^At^u^L.xx.^^z.tt'^ 
^Ai)mm^&Lxi^^t}^tm^^^tt^x^fz^ z<d 

ctoCiLT. -*liDNACD^«E?iJ;6^**ST*t^Co 
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